Abstract. This paper, determines the confidence interval using the Fisher information under progressive type-II censoring for the k-step exponential step-stress accelerated life testing. We study the performance of these confidence intervals. Finally an example is given to illustrate the proposed procedures.
Introduction
Products or materials are often tested at higher levels of stress than operational conditions to quickly obtain information on the life distribution or product performance under normal use. Such testing could save much time and money. In step-stress accelerated life test (SSALT), the stress for survival units is generally changed to a higher stress level at a pre-determined time. Determination of the stress change times is one of the most important design problems in SSALT. The exploit of modelling data from SSALT and developing inferences from such data have been studied by many authors. For example, Tang et al. (1999) discussed the MLEs for parameters in a multi-censored accelerated life tests. Some new models for SSALT had been proposed by Khamis and Higgins (1998) . Tang and Yeo (2002) used the least square method to estimate the life-stress relationship in step-stress accelerated life test. Wang (2006) obtained unbiased estimations for the exponential distribution based on SSALT data. Point and interval estimation for the exponential simple step-stress model had been obtained by Balakrishnan et al. (2007) .
This paper investigate the confidence interval for the exponential SSALT model under progressive type-II censoring based on Fisher information. Some basic assumptions in the exponential SSALT will be given in Section 2. Section 3 provides the expected Fisher information matrix
In Section 4 confidence Interval estimation (CIS) is performed by finding the percentile bootstrap. Section 5 gives a Monte Carlo simulation to study coverage percentages and discutient on the average interval lengths of estimators. In Section 6 an example is given to illustrate the proposed procedures. Finally, conclusions are included in Section 7.
Basic Assumptions
Under the exponential distribution, statistical inference in the SSALT is done by the following assumptions:
1. For any level of stress, the life of test units is exponentially distributed.
At stress level x i , it is given by:
2. The mean life of θ i of a test unit at stress level x i , is a log-linear function of stress: log θ i = α + βx i , where α and β are unknown model parameters.
3. A cumulative exposure model holds: The remaining life depends only on the current cumulative failure probability and current stress level regardless of how the probability is accumulated (Nelson, 1980) .
A SSALT model under progressive type-II censoring is as follows. Let all n units of experiment are initially placed at lowest stress x 1 . At the first failure time t 1,1 ,R 1,1 units are randomly removed from the remaining n − 1 surviving units. At the second failure time t 1,2 , R 1,2 units are randomly removed from the remaining n − 2 − R 1,1 . The test continues until the r 1 th failure time t 1,r 1 . At failure time t 1,R 1 , R 1,r 1 units are randomly removed from the remaining n − r 1 − r 1 −1 ∑ j=1 R 1,j surviving units. Then the stress is changed to x 2 . Similar to stress x 1 , the test is continued until r 2 units have failed. At the stress x 2 , r 2 failure times t 2,j (j = 1, 2, . . . , r 2 ) of test units are observed. At failure time t 2,j , R 2,j units are randomly removed from the
The stress is changed again, and the test continues until attaint r k th failure under the stress x k . The failure times at the stress x i (i = 1, 2, . . . , k) can be written as
Consider for i = 1, 2, . . . , k the lifetime at stress level x i has the exponential distribution under assumption 1, then the likelihood function is:
where
Fisher Information Matrix
We have from Wang and yu (2009) that the MLE's of the parameters α and β are given by:
In this section, we provide the expected Fisher information matrix for the progressively censored data. The Fisher information matrix F is obtained by taking expectation of the negative of second partial derivatives of ln L(α, β) with respect to α, β. If we denote the 2 × 2 matrix F by
The elements of this matrix are described as follow:
which can be obtained by Wang and Yu (2009) . The asymptotic variance covariance matrix ofθ = (α,β) can be obtained by inverting the Fisher information matrix.
Bootstrap Confidence Intervals
In this section we use the studentized-t bootstrap method (Hall, 1992) 
, without loss of generality, we choose R i,j = 0, i = 1, 2, . . . , k, j = 1, 2, . . . , r i . Hence, in order to obtain the bootstrap sample of (α,β,θ), we need only to consider various combinations (r 1 , r 2 , . . . , r k ). The bootstrap sample of (α,β,θ) can be obtained by the following steps.
Step 1. From SSALT sample t i,j , i = 1, 2, . . . , k, j = 1, 2, . . . , r i , compute (α,β,θ).
Step 2. Based on(α,β) and r 1 , r 2 , . . . , r k generate a random sample
Step 3. Based on (T * 1 , T * 2 , . . . , T * k ) compute the bootstrap sample estimateŝ α * ,β * ,θ * of α, β, θ, Then by inverting of Fisher information matrix, we obtain variances of the bootstrap sample estimatesα * ,β * ,θ * . Step4. Repeat steps 2-3 B times. Then arrange all the values ofα * ,β * ,θ * in an ascending order to obtain the bootstrap samples. In any replication we have the statistics in the form of
We now obtain the %100(1 − γ) confidence interval for α, β aŝ
where Z * ,(1− γ 2 )B is the (1 − γ 2 )B percentile of Z * . We intend to present two confidence intervals, the bootstrap confidence and the exact confidence intervals that obtained from wang (2010). The results of simulation for two ways are reported in Tables 1 to 3. 
Simulation Study
In this section we present the results of the Monte Carlo simulation study to compare exact and bootstrap confidence intervals. In each case, we have calculated the coverage percentages and average interval lengthes for different experiment schemes for the parameter α and β at the stress levels x 0 = 0.25, x 1 = 0.5, x 2 = 0.75, x 3 = 1, x 4 = 1.25 and various combinations of the failure numbers (r 1 , . . . , r k ). In this paper we chose the value of the parameters α = 1, −1, β = 4, 1. Note that the random variables Tables 1 to 3 . We observe that by increasing the value of k and r, for the parameters α and β the coverage percentages is increased and average interval lengths is decreased. Based on the results of the simulation study, two methods provide a good balance between the coverage probabilities as well as average credible widths. However our recommendation for constructing confidence intervals is to apply the bootstrap method because its average credible widths is better than that of the exact method.
Illustrative Example
In this section we consider one example of section 4 of Wang and Fei (2003) . This example is to obtain all the reliability indices of a kind of electronic components at the normal temperature of x 0 = 25 · C. Now units from a batch of products are randomly selected for the simple accelerated life model log θ = 1 273.15+x . The accelerated temperature levels are x 1 = 100 · C and x 2 = 150 · C. At x 1 = 100 · C, when 30 products have failed, the stress level rises to x 2 = 150 · C and the test continues until 20 more products have failed. Their failure times are as follows. Failure times for the stress level x 1 = 32, 54, 59, 86, 117, 123, 213, 267, 268, 273, 299, 311, 321, 333, 339, 386, 408, 422, 435, 437, 476, 518, 570, 632, 666, 697, 796, 854, 858, 910 . Failure times for the stress level x 2 = 16, 19, 21, 36, 37, 63, 70, 75, 83, 95, 100, 106, 110, 113, 116, 135, 136, 149, 172, 186 . These times are the differences t 2,j − t 1,r 1 . This step-stress accelerated life testing is a SSALT with type-II censoring, which is a specific case about the progressive censoring scheme with R i,j = 0,i = 1, 2, j = 1, 2, . . . , r i . For this example we obtained the %95 exact confidence intervals of α, β which are given by [−8.6949, −0.9458], [3218.8, 6246 .4], respectively. The bootstrap confidence intervals for α, β are given by [−9.9740, −0.4008], [2994.37, 6704.178] , respectively.
Conclusions
In this paper we discuss the type-II progressively censoring SSALT scheme. Assuming that the lifetime distributions are exponential distributed. We obtained the confidence intervals based on the bootstrap methods by fisher information, then access the coverage percentages and the average interval lengths for this parameters using assumptions.
